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Description 

PROCESS FOR PRODUCING RE SORCINOL- FORMALIN RESIN 

Technical Field 

The present invention relates to a process for 
producing a resorcinol -formalin resin having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol-f ormalin resin of resorcinol pentanuclear or 
higher nuclear bodies by controlling the molecular weight 
of the resorcinol -formalin resin. 

Background Art 

Hitherto, since resorcinol-f ormalin resins have 
been used for adhesives, plywood, glued laminated timber, 
surface coating agents, and the like owing to their fast 
curing rate and, in particular, they are used as tire 
adhesives and rubber horse adhesives owing to their 
excellent adhesiveness to rubber and fiber (see, for 
example, JP-B-48-12185 , JP-A-4-148920 , JP-A-6-100850 , and 
JP-A-2000-178849) . 

In the case that a resorcinol-formalin resin is 
used as an adhesive, it is required that the resorcinol- 
formalin resin has a sufficient flowability and, when a 
solvent coexists, the resin is homogeneously dissolved 
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therein. When the flowability Is focused on, it is 
empirically known that a sufficient flowability is 
obtained by reducing the composition ratio of resorcinol 
pentanuclear or higher nuclear bodies aunong the 
constitutive coznponents of a polycondensate . It has been 
considered that the resorcinol pentanuclear or higher 
nuclear bodies contain a high ratio of three-dimensional 
structures and hence the flowability is lost* Moreover/ 
it is al so possible to dilute the resin by an organic 
solvent in order to impart the flowability but the use of 
the organic solvent is not preferaible since the use may 
possibly result in deteriorated working environment and 
lowering of adhesiveness . There is a method of 
dispersing the resin in water by the action of an anionic 
surfactant without using the organic solvent (see, for 
example, JP-A-'57- 167342) but there still remains an 
anxiety of long-term stability of the resulting water 

dispersion system, 

As mentioned above , it is known that a sufficient 
flowability is obtained in the case that the solvent Is 
water by lowering the composition ratio of resorcinol 
pentanuclear or higher nuclear bodies among the 
constitutive components of the polyconcensate . However, 
the case that the reaction conditions are set mild so as 
to reduce the composition ratio of resorcinol 
pentanuclear or higher nuclear bodies only results in the 
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shift of the molecular weight distribution of the product 
to a low-molecular-weight side and usually, the 
concentration of unreacted resorcinol (resorcinol 
monoclear body) increases . When the concentration of 
resorcinol increases, there is a possibility that 
resorcinol is sublimated at the use as an adhesive to 
deteriorate working environment and further to lower 
adhesiveness, so that the case is not preferred. When 
0.6 mol of formaldehyde is reacted with 1 mol of 
resorcinol , about 33% by weight of unreacted resorcinol 
is contained after the completion of the reaction and 
when 0.8 mol of formaldehyde is reacted, adDout 20% by 
weight of unreacted resorcinol is contained. Therefore, 
in order to reduce the amount of unreacted resorcinol to 
15% by weight, it has been reported that resorcinol is 
removed by sublimation under reduced pressure of 0.05 
mmHg at 130**C so as to reduce the content of unreacted 
resorcinol (see, for example, JP-B-54-932) . Moreover, it 
has been reported that the content of unreacted 
resorcinol is reduced to 5.5% by using methyl isobutyl 
ketone as a solvent and water as an extracting agent by 
means of a continuous extractor (see, for example, JP-B- 
49-14550) . However, these processes are industrially 
disadvantageous since vacu\im distillation is required 
after the completion of the reaction or a long-time 
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operation is required using the continuous extractor. 

To the contrary, when severer reaction conditions 
are adopted in order to lower the concentration of 
unreacted resorcinol , resorcinol polynuclear bodies of 
pentanuclear or higher nuclear bodies are formed in a 
large amount and hence the case is not preferred. Since 
the reaction is conducted in an aqueous system, it may be 
possible to use a method of adding a high concentration 
of a salt after the completion of the reaction to lower 
the solubility of the polymeric components and removing 
them after their precipitation. However, this method 
requires further incorporation of the salting-out step 
and hence is disadvantageous. In addition, there is a 
fear of lowered adhesiveness owing to the remaining 
inorganic salt or corrosion of substrate to be adhered 
attributable to the inorganic salt, so that the method is 
not practiced. A means for achieving no increase in the 
composition ratio of heptanuclear or higher nuclear 
bodies even in a one-stage reaction without incorporating 
the salting-out step is disclosed (see, for example, JP- 
2003-277308) . It is a method of coexisting a large 
amount of a salt in the reaction system in order to 
reduce the solubility of the resorcinol polynuclear 
bodies. In this method, since the resorcinol polynuclear 
bodies precipitated from the aqueous phase form a gummy 
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matter / even resorcinol, resorcxnol binuclear bodiea, and 
resorcinol trinuclear bodies are incorporated into the 
gtammy matter and, as a result, a decrease in the reaction 
rate is invited, which results in a lengthened reaction 
time. In the industrial production, the formation of a 
gxjinmy matter in a long-term reaction induces 
discontinuation of stirring, choking of liquid 
transferring system, and the like, so that it is 
difficult to adopt the method. 

Disclosure of the Invention 

An object of the invention is to provide a 
process for producing a resorcinol-formalin resin 
containing no salts and having a moderate flowability 
when transformed into an aqueous solution, which is 
capable of reducing both of the content of resorcinol 
monomer and the content of resorcinol-formalin resin of 
resorcinol pentanuclear or higher nuclear bodies in a 
one-stage reaction « 

A resorcinol-formalin resin is soluble in water 
and also soluble in part of organic solvents. Thus, 
since the solubility of the resin is not one-sided to 
either of water or an organic solvent, it is difficult to 
conceive an idea of utilization of an organic solvent, 
e.g., liquid-liquid distribution. However, in order to 
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solve the above problems, the present inventors have 
focused on the solubility properties (solubility 
parameter) of an organic solvent and studied the reaction 
between resorcinol and formalin from a variety of 
viewpoints. As a result, they have found that both of 
the content of resorcinol monomer and the content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies can be reduced at the same time by 
adopting a liquid-liquid heterogeneous reaction using a 
specific range of organic solvents, and thus they have 
accomplished the invention. 

Naunely, the invention relates to a process for 
producing a resorcinol -formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol - 
formalin resin of " resorcinol pentanuclear or higher 
nuclear bodies, the whole steps including an one-stage 
reaction and licjuid-liquid distribution being conducted 
in the same reactor, which comprises: 

adding, to a water solvent, resorcinol (A) in an 
amount of 20 to 150 parts by weight relative to 100 parts 
by weight of water, an inorganic salt (B) in an amount of 
20 to 80 parts by weight relative to 100 parts by weight 
of water, and an organic solvent (C) having a solubility 
parameter of 7.0 to 12.5 and capable of dissolving the 
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resorcinol -formal in resin in an amount of 10 to 200 parts 
by weight relative to 100 parts by weight of resorcinol 
(A) ; 

stirring the mixture at a liquid temperature not 
higher than the boiling point of the organic solvent (C) 
to give a two -phase system containing no remaining solid 
matter; 

adding a catalytic amount of an organic acid or 
inorganic acid (D) ; 

adding 1 to 40% formalin (E) dropwise in a molar 
ratio of formaldehyde/ resorcinol of 0.3 to 0.8 under 
stirring over a period of 1 to 300 minutes while 
maintaining the reaction system at 0 to 60*^0; 

stirring the mixture for further 10 to 60 minutes 
after the completion of the dropwise addition to cause a 
liqniid-liqpaid heterogeneous reaction to proceed; 

allowing the reaction system to stand while 
maintaining it at the temperature of the reaction to 
separate it into two layers; 

removing the aqueous layer; 

adding an organic solvent (C) in an amount of 1 
to 5 equivalents to the amount of the reaction product to 
the reaction product layer which is an organic solvent 
layer to effect dilution; 

adding water to the reaction product layer in an 
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amount which is half of the amount of the organic 
solvent ; 

stirring the reaction system while maintaining 
its temperature to be not higher than the boiling point; 

separating it into two layers after allowing it 
to stand; and then 

removing the aqueous layer to obtain the 
resorcinol-f oarmalin resin . 

Moreover, the invention also relates to the 
following production processes : 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-licjuid 
distribution being conducted in the same reactor, wherein 
the 1 to 40% formalin (E) is intermittently added 
dropwise in a molar ratio of formaldehyde/resorcinol of 
0.3 to 0.8 under stirring over a period of 20 to 300 
minutes ; 

The process for producing a resorcinol-f ormalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
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higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
a peak area corresponding to the resorcinol pentanuclear 
or higher nuclear bodies is from 30% to 55% relative to 
the whole peak area and a peak area corresponding to the 
resorcinol monomer is from 3% to 9% relative to the whole 
peak area, the peak areas being obtained by gel 
permeation chromatographic analysis of the above 
resorcinol -formalin resin; 

The process for producing a resorcinol -formal in 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-licjuid 
distribution being conducted in the Scune reactor, wherein 
the organic solvent (C) is an organic solvent having a 
solubility parameter of 9.0 to 11.0; 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
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distribution being conducted in the same reactor, wherein 
the organic solvent (C) is an organic solvent represented 
by the following general formula [1]: 

General formula [ 1 ] 

(R3-Y-)5r Rr-x-R2i-z-R4)„ 




wherein m represents 0 or 1 , n represents 0 or 1 , and Ri , 
R2, R3/ R4/ and R5 each independently represents a methyl 
group, an ethyl group, an n-propyl group, a 2 -propyl 
group, an n-butyl group, a secondary butyl group, an 
isobutyl group, or a tertiary butyl group; Ri and R2 may 
be combined to form a ring when m=n=0, R2 and R3 may be 
combined to form a ring when m=l and n=0, and R3 and R4 
may be combined to form a ring when m=n=l ; 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
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higher nuclear bodies according to the above, the whole 
steps Including an one-stage reaction and llquld-llquld 
distribution being conducted In the ssune reactor, wherein 
the organic solvent (C) Is used as a mixture of two or 
more thereof ; 

The process for producing a resorclnol -formal In 
resin containing no Inorganic salts and having a reduced 
content of resorclnol monomer and a reduced content of 
resorclnol-formalln resin of resorclnol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps Including an one-stage reaction and llquld-llquld 
distribution being conducted In the same reactor, wherein 
the Inorganic salt (B) Is a salt formed from one or two 
or more cations selected from alkali metals and alkaline 
earth metals and one or two or more anions selected from 
a sulfate Ion, a nitrate Ion, a chlorine Ion, a bromine 
Ion, an Iodine Ion, and a thlocyanate Ion; 

The process for producing a resorclnol -formal In 
resin containing no Inorganic salts and having a reduced 
content of resorclnol monomer and a reduced content of 
resorclnol -formal In resin of resorclnol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps Including an one-stage reaction and llquld-llcjuld 
distribution being conducted In the same reactor, wherein 
the Inorganic salt (B) Is calcium chloride; 
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The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
the amount of the organic solvent (C) added is from 30 to 
100 parts by weight relative to 100 parts by weight of 
resorcinol (A) ; 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
the organic acid or inorganic acid (D) is hydrochloric 
acid ; 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and licjuid-liquid 
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distribution being conducted in the same reactor, wherein 
the mole number of formaldehyde in the above formalin (E) 
relative to the mole number of resorcinol (A) is in a 
molar ratio of formaldehyde/resorcinol of 0.5 to 0.8; 

The process for producing a resorcinol -formalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
time for the dropwise addition of the formalin (E) is 
from 20 to 120 minutes; 

The process for producing a resorcinol-f ormalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol-formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
water is added in an amount of 1 to 10 equivalents by 
weight to the resorcinol-f ormalin resin in the organic 
solvent (C) solution of the resorcinol-f ormalin resin and 
the organic solvent (C) is removed by distillation to 
finally obtain an aqueous resorcinol -formalin resin 
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solution having a reaction product concentration of 30 to 
80% and a moderate f lowaUDility; 

The process for producing a resorcinol-f ormalin 
resin containing no inorganic salts and having a reduced 
content of resorcinol monomer and a reduced content of 
resorcinol -formalin resin of resorcinol pentanuclear or 
higher nuclear bodies according to the above, the whole 
steps including an one-stage reaction and liquid-liquid 
distribution being conducted in the same reactor, wherein 
the organic solvent (C) is added to the organic solvent 
layer obtained by the separation into two layers after 
allowing to stand and the removal of the aqueous layer, 
in an amount of 2 to 10 equivalents to the weight of the 
reaction product to effect dilution, water is removed by 
distillation at the azeotropic temperature of water and 
the organic solvent, and then solid matter is removed by 
filtration after cooling to room temperature. 

In addition, the invention relates to the 
following resorcinol -formalin resin: 

A resorcinol -formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one -stage reaction and 
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liquid-liquid distribution are conducted in the same 
reactor, the process comprising: 

adding, to a water solvent, resorcinol (A) in an 
amount of 20 to 150 parts by weight relative to 100 parts 
by weight of water, an inorganic salt (B) in an amount of 
20 to 80 parts by weight relative to 100 parts by weight 
of water, and an organic solvent (C) having a solubility 
parameter of 7.0 to 12.5 and capable of dissolving the 
resorcinol -formal in resin in an amount of 10 to 200 parts 
by weight relative to 100 parts by weight of resorcinol 
(A) ; 

stirring the mixture at a liquid temperature not 
higher than the boiling point of the organic solvent (C) 
to give a two-phase system containing no remaining solid 
matter ; 

adding a catalytic amount of an organic acid or 
inorganic acid (D) ; 

adding 1 to 40% foarmalin (E) dropwise in a molar 
ratio of formaldehyde/ resorcinol of 0.3 to 0.8 under 
stirring over a period of 1 to 300 minutes while 
maintaining the reaction system at 0 to 60^C; 

stirring the mixture for further 10 to 60 minutes 
after the completion of the dropwise addition to cause a 
liquid-liquid heterogeneous reaction to proceed; 

allowing the reaction system to stand while 
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maintaining it at the temperature of the reaction to 
separate it into two layers; 

removing the aqueous layer; 

adding an organic solvent (C) in an amount of 1 
to 5 equivalents to the amount of the reaction product to 
the reaction product layer which is an organic solvent 
layer to effect dilution; 

adding water to the reaction -product layer in an 
amount which is half of the amount of the organic 
solvent; 

stirring the reaction system while maintaining 
its temperature to be not higher than the boiling point; 

separating it into two layers after allowing it 
to stand; and then 

removing the aqueous layer to obtain the 
resorcinol -formalin resin ; 

The resorcinol-formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-liquid distribution are conducted in the same 
reactor, according to the above, wherein the 1 to 40% 
formalin (E) is intermittently added dropwise in a molar 
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ratio of formaldehyde/resorcinol of 0.3 to 0.8 under 
stirring over a period of 20 to 300 minutes; 

The resorcinol -formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-liquid distribution are conducted in the same 
reactor, according to the above, wherein a peak area 
corresponding to the resorcinol pentanuclear or higher 
nuclear bodies is from 30% to 55% relative to the whole 
peak area and a peak area corresponding to the resorcinol 
monomer is fr<»n 3% to 9% relative to the whole peak area, 
the peak areas being obtained by gel permeation 
chromatographic analysis of the resorcinol -formalin 
resin; 

The resorcinol-formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid- liquid distribution are conducted in the same 
reactor, according to the above, wherein the organic 
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solvent (C) is an organic solvent having a solubility 
pareuneter of 9.0 to 11.0; 

The resorcinol -formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-licjuid distribution are conducted in the same 
reactor, according to the above, wherein the organic 
solvent (C) is an organic solvent represented by the 
following general formula [1]: 



General formula [1] 




wherein m represents 0 or 1, n represents 0 or 1, and Ri, 
R2/ R3/ R4f and R5 each independently represents a methyl 
group, an ethyl group, an n-propyl group, a 2 -propyl 
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group, an n-butyl group, a secondary butyl group, an 
isobutyl group, or a tertiary butyl group; Ri and R2 may 
be combined to form a ring when m=n=0, R2 and R3 may be 
combined to form a ring when m=l and n=0, and R3 and R4 
may be combined to form a ring when m=n=l; 

The resorcinol-formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-liquid distribution are conducted in the same 
reactor, according to the above, wherein the organic 
solvent (C) is used as a mixture of two or more thereof; 

The resorcinol-formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol- 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-liquid distribution are conducted in the same 
reactor, according to the aJDOve, wherein water is added 
in an amount of 1 to 10 equivalents by weight to the 
resorcinol-formalin resin in the organic solvent (C) 
solution of the resorcinol-formalin resin and the organic 
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solvent (C) is removed by distillation to finally obtain 
an aqueous resorcinol-f ormalin resin solution having a 
reaction product concentration of 30 to 80% and a 
moder a t e f 1 o wab i 1 i ty ; 

The resorcinol -formalin resin containing no 
inorganic salts and having a reduced content of 
resorcinol monomer and a reduced content of resorcinol - 
formalin resin of resorcinol pentanuclear or higher 
nuclear bodies, produced by a production process where 
the whole steps including an one-stage reaction and 
liquid-liquid distribution are conducted in the same 
reactor, according to the above, wherein the organic 
solvent (C) is added to the organic solvent layer 
obtained by the separation into two layers after allowing 
to stand and the removal of the aqueous layer, in an 
amount of 2 to 10 equivalents to the weight of the 
reaction product to effect dilution, water is removed by 
distillation at the azeotropic temperature of water and 
the organic solvent, and then solid matter is removed by 
filtration after cooling to room temperature. 

The process for producing a resorcinol-f ormalin 
resin according to the invention is characterized by the 
adoption of a liquid-liquid heterogeneous reaction. The 
advantages derived from the adoption of the liquid-liquid 
heterogeneous reaction are as follows: (1) since the 
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reaction proceeds faster in an aqueous phase and the 
existing ratio of resorcinol is in favor to the aqueous 
phase, the amount of unreacted resorcinol can be reduced; 
(2) the solubility of the resorcinol polynuclear bodies 
(especially, tetranuclear or higher nuclear bodies 
wherein three-dimensional structures are present) are 
rapidly decreased with the progress of the reaction and 
hence they migrate into an organic phase; furthermore, 
since the reaction proceeds slower in the organic phase, 
the formation of resorcinol pentanuclear or higher 
nuclear bodies are inhibited; (3) since the reaction 
proceeds in both of the aqueous phase and the organic 
phase, the reaction time can be shortened; (4) the 
reaction is completed as an one-stage reaction between 
resorcinol and formalin and a step for removing the 
resorcinol polynuclear bodies after the reaction is not 
necessary, and (5) for the above reasons, the formation 
of both of unreacted resorcinol and resorcinol 
polynuclear bodies can be reduced, the reaction time can 
be shortened, and also the reaction can be completed in a 
one-stage reaction, so that the process is extremely 
advantageous in view of the cost. 

Brief Description of the Drawings 

FIG. 1 is the gel permeation chroma togram 
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obtained in Example 1. 

FIG, 2 is the gel permeation chroma togram 
obtained in Example 2. 

FIG, 3 is the gel permeation chroma togram 
obtained in Example 3. 

FIG. 4 is the gel pezmeation chroma togram 
obtained in Example 4 . 

FIG. 5 is the gel permeation chroma togram 
obtained in Example 5. 

FIG. 6 is the gel permeation chroma togram 
obtained in Example 6. 



Best Mode for Carrying Out the Invention 

As the cation of the inorganic salt (B) used in 
the process for producing a resorcinol -formal in resin of 
the invention, there may be mentioned a cation of an 
alkali metal such as lithium, sodixom, potassiiim, rubidium, 
or cesium, or an alkaline earth metal such as magnesium, 
calcium, strontium, or barium. As the anion of the 
inorganic salt (B) , there may be mentioned a sulfate ion, 
a nitrate ion, a chlorine ion, a bromine ion, an iodine 
ion, or a thiocyanate ion. Preferably, the salt is 
calciimi chloride. 

The above inorganic salt (B) may be used singly 
or also as a mixture of two or more thereof. The 
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inorganic salt (B) is used in an amount of 20 to 80 parts 
by weight, preferably 30 to 50 parts by weight relative 
to 100 parts by weight of water. In any event, the 
inorganic salt is used within the solubility in water. 

The solubility parameter used in the process for 
producing a resorcinol -formalin resin of the invention is 
specifically explained in "Solubility Parameters For Film 
Formes" (Official Digest, October, 1955) . 

The equation for its calculation using physical 
constants is as follows: 

5 = { (AH - RH)/V}^^^ 

5: solubility parsuneter 

AH: latent heat of vaporization 

R: gas constant 

V: molar volume 

Since an organic solvent having a solubility 
parameter of less than 7.0 has small solubility for 
resorcinol polynuclear bodies, the resorcinol polynuclear 
bodies precipitate in the form of solids and thus the 
solvent cannot be used in the process of the invention. 
Moreover, since an organic solvent having a solubility 
parameter exceeding 12.5 well mixes with water, the 
liquid-liquid heterogeneous reaction, which is one 
characteristic of the present process, cannot be 
conducted, so that the solvent cannot be used. 
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Since an organic solvent having a solubility 
pareuneter of 9.0 to 11,0 dissolves resorcinol polynuclear 
bodies and forms a liquid-liquid heterogeneous system 
with water, the solvent is preferable as an organic 
solvent to be used in the process of the invention. 

Of the organic solvents (C) defined by a 
solubility parsumeter of 7.0 to 12.5, preferred are those 
represented by the structural formula as a general 
formula [1] : 

General formula [1] 



X,Y,Z: 




wherein m represents 0 or 1, n represents 0 or 1 , and Ri, 
R2/ Ra, R4/ and R5 each independently represents a methyl 
group, an ethyl group, an n-propyl group, a 2 -propyl 
group, an n-butyl group, a secondary butyl group, an 
isobutyl group, or a tertiary butyl group. Ri and R2 may 
be combined to form a ring when m==n=0, R2 and R3 may be 
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combined to form a ring when m=l and n=0, and R3 and R4 
may be combined to form a ring when m =n=l • 

Specific examples of the organic solvent (C) 
having a solubility parameter of 7.0 to 12.5 to be used 
in the process for producing a resorcinol -formalin resin 
of the invention include methyl ethyl ketone, methyl 
isobutyl ketone, acetone, tetrahydrof uran , diisopropyl 
ether, dibutyl ether, n-butyl acetate, dimethyl carbonate, 
diethyl carbonate, and the like, preferably methyl ethyl 
ketone, acetone, tetrahydrof uran, dimethyl carbonate, 
diethyl carbonate, and the like, which are organic 
solvent (C) having a solubility parameter of 9.0 to 11.0. 
Further preferred is methyl ethyl ketone. Moreover, 
these organic solvents may be used as a mixture of two or 
more thereof. The amount thereof to be used is suitably 
from 10 to 200 parts by weight relative to 100 parts by 
weight of resorcinol . 

As the organic acid or inorganic acid (D) to be 
used as a catalyst in the process for producing a 
resorcinol -formalin resin of the invention, there may be 
mentioned hydrochloric acid, sulfuric acid, phosphoric 
acid, benzenesulf onic acid, toluenesuluf onic acid, and 
the like. Preferred is hydrochloric acid. 

Moreover, in the invention, the step of adding 
water in an amount of 1 to 10 ecjuivalents by weight to 
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the resorcinol -formalin resin to the organic solvent 
solution of the resorcinol -formalin resin after complete 
removal of the inorganic salt, subjecting the resulting 
mixture to distillation, and removing the organic solvent 
to finally obtain an aqueous resorcinol-f ormalin resin 
solution having a reaction product concentration of 30 to 
80%, preferably 40 to 60% and a moderate flowability 
transforms the resorcinol -formalin resin of the invention 
into a form easy to use in the next step. In addition, 
water in an cmount of 1 to 10 equivalents by weight to 
the resorcinol -formalin resin is added but the aunount 
means a water amount that is sufficient for reducing the 
residual amount of the organic solvent to finally 1% by 
weight or less by azeotropic distillation. Therefore, it 
is permissible for the amount to deviate from the amount 
of 1 to 10 equivalents. In the next step, the following 
method as described in JP-B-48-12185 is adopted. The 
adhesive stock solution is preferably used after dilution 
with water prior to the treatment of fiber materials, 
films, or the like. The addition of an appropriate 
amount of a basic substance is conducted for facile 
dissolution of the adhesive. 

As the reaction vessel to be used in the 
invention, since an acid catalyzed reaction is conducted, 
a usual apparatus may be used as far as it is acid- 
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resistant. The reaction temperature to be adopted in the 
invention is desirably not higher than the boiling point 
of the organic solvent used. Moreover, since it is 
necessary to dissolve a salt in water in a high 
concentration, it should be a temperature a certain 
degree higher than room temperature in order to ensure 
the solubility. As the reaction temperature, a 
temperature of 0 to 60**C, preferably 30 to 50*^C is adopted. 

The organic solvent to be used in the invention 
can be redistilled and recycled after separation by 
distillation. Moreover, the salt to be used in the 
invention can be recovered and recycled after separation. 

The concentration of formaldehyde in the formalin 
(E) to be used in the invention is from 1 to 40% by 
weight, preferably 30 to 40% by weight. Moreover, the 
amount of formalin to be used is an amount so as to be in 
a molar ratio relative to resorcinol, i.e., 
formaldehyde/ resorcinol , of 0.3 to 0.8, preferably 0,5 to 
0.8. 

Examples 

The following will describe the invention in 
detail with reference to Excunples . 
Example 1 

After 133 kg of water, 85 kg of calcium chloride. 



27 



and 111 kg of resorcinol were placed in a 500 L acid- 
resistant reaction vessel and dissolved at 50^C, 45 kg of 
methyl ethyl ketone and 0.45 kg of 35% hydrochloric acid 
were charged into the reaction vessel . While the 
reaction system was maintained at 50''C, 53 kg of 37% 
formalin was added dropwise over a period of 30 minutes 
and, after the completion of the dropwise addition, the 
mixture was further stirred for 30 minutes to cause a 
liquid-liquid heterogeneous reaction to proceed. While 
maintaining the temperature of the reaction system, it 
was allowed to stand and separate into two layers, and 
then an underlying aqueous phase was drawn off. The 
organic phase was diluted with 200 kg of methyl ethyl 
ketone and then 100 kg of water was added thereto. 
Furthermore, while maintaining the same temperature, the 
reaction system was stirred for 30 minutes and, after 
allowing to stand, separated into two layers and then the 
aqueous layer was drawn off to obtain a methyl ethyl 
ketone solution of a resorcinol -formalin resin. 

Then, 200 kg of water was added to the resulting 
methyl ethyl ketone solution of the resorcinol -formalin 
resin and distillation was conducted at the azeotropic 
temperature to remove methyl ethyl ketone and reduce the 
water content, whereby 263 kg of an objective aqueous 
resorcinol -formalin resin solution having a solid content 
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of about 50% and a moderate flowability was obtained. 
The aqueous resorcinol -formalin resin solution having a 
solid content of about 50% is a resorcinol-formalin resin 
containing no inorganic salts and reduced contents of the 
resorcinol monomer and resorcinol pentanuclear and higher 
nuclear bodies. 

The resulting resorcinol-formalin resin was 
dissolved in tetrahydrofuran and the solution was 
subjected to gel permeation chromatographic analysis, 
whereby the distribution of unreacted resorcinol to 
resorcinol pentanuclear and higher nuclear bodies was 
measured. The resulting chroma togram is shown in FIG. 1. 
The calculated ratios of peak areas are shown in Table 1. 

The following shows the conditions of the gel 
permeation chromatographic analysis. 

Model for measurement: HLC-8020 manufactured by 
Tosoh Corporation 

Columns: (G-2500) + (G-2500) + (G-4000) 

Coltomn temperature: 40^C 

Solvent: tetrahydrofuran 

Flow rate: 1 ml/min 
Example 2 

After 1336 g of water, 850 g of calcium chloride, 
1107.0 g of resorcinol, and 450 g of methyl ethyl ketone 
were placed in a 5 L flask made of glass and dissolved at 
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60*^0, 4.5 g of 35% hydrochloric acid was charged into the 
reaction vessel . While the reaction system was cooled to 
50**C and maintained at 50**C, 490 g of 37% formalin was 
added dropwise over a period of 45 minutes and, after the 
completion of the dropwise addition, the mixture was 
further stirred at 50°C for 1 hour to cause a liquid- 
liquid heterogeneous reaction to proceed. Thereafter, 40 
g of 37% formalin was added dropwise over a period of 45 
minutes and, after the completion of the dropwise 
addition, the mixture was further stirred at SO^'C for 1 
hour to cause a liquid-liquid heterogeneous reaction to 
proceed. While the reaction system is maintained at the 
same temperature, it was allowed to stand and separate 
into two layers , and then an underlying aqueous phase was 
drawn off. The organic phase was diluted with 1500 g of 
methyl ethyl ketone and 750 g of water was added thereto. 
Furthermore, while maintaining the same temperature, the 
reaction system was stirred for 1 hour and, after 
allowing to stand, separated into two layers and then the 
aqueous layer was drawn off to obtain a methyl ethyl 
ketone solution of a resorcinol -formalin resin. 

Then, 2000 g of water was added to the resulting 
methyl ethyl ketone solution of the resorcinol-f ormalin 
resin and distillation was conducted at the azeotropic 
temperature to remove methyl ethyl ketone and reduce the 
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water content, whereby 2524 g of an objective aqueous 
re sorcinol- formal in resin solution having a solid content 
of about 50% and a moderate flowability was obtained. 
The aqueous resorcinol -formalin resin solution having a 
solid content of about 50% is a resorcinol-formalin resin 
containing no inorganic salts and reduced contents of the 
resorcinol monomer and resorcinol pentanuclear and higher 
nuclear bodies . 

The resulting resorcinol-formalin resin was 
dissolved in tetrahydrofuran and the solution was 
subjected to gel pezrmeation chromatographic analysis, 
whereby the distribution of unreacted resorcinol to 
resorcinol pentanuclear and higher nuclear bodies was 
measured. The resulting chroma togram is shown in FIG. 2. 
The calculated ratios of peak areas are shown in Table 1 . 

Table 1 also shows the analytical results of the 
reaction solution before the second addition of 37% 
formalin. The conditions of the gel permeation 
chromatographic analysis are the same as in Example 1. 
Example 3 

After 2660 g of water, 1710 g of calcium chloride, 
738 g of resorcinol, and 300 g of methyl ethyl ketone 
were placed in a 5 L flask made of glass and dissolved at 
60°C, 9 g of 35% hydrochloric acid was charged into the 
reaction vessel. While the reaction system was cooled to 
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50*^0 and maintained at SO^C, 326 g of 37% formalin was 
added dropwise over a period of 45 minutes and, after the 
completion of the dropwise addition, the mixture was 
further stirred at 50**C for 1 hour to cause a liquid- 
liquid heterogeneous reaction to proceed. Thereafter, 27 
g of 37% formalin was added dropwise over a period of 45 
minutes and, after the completion of the dropwise 
addition, the mixture was further stirred at 50**C for 1 
hour to cause a liquid-liquid heterogeneous reaction to 
proceed. While the reaction system is maintained at the 
same temperature, it was allowed to stand and separate 
into two layers, and then an underlying aqueous phase was 
drawn off. The organic phase was diluted with 1000 g of 
methyl ethyl ketone and 500 g of water was added thereto. 
Furthermore, while maintaining the same temperature, the 
reaction system was stirred for 1 hour and, after 
allowing to stand, separated into two layers and then the 
aqueous layer was drawn off to obtain a methyl ethyl 
ketone solution of a resorcinol -formalin resin. The 
solution was again diluted with 1000 g of methyl ethyl 
ketone and distillation was conducted at the azeotropic 
temperature of water and methyl ethyl ketone to remove 
water. Then, the mixture was cooled to room temperature 
and filtrated to obtain a methyl ethyl ketone solution of 
a resorcinol -formalin resin. The resulting methyl ethyl 
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ketone solution of the resorcinol-f ormalin resin was 
again placed in the reaction vessel and, after the 
addition of eater, distillation was conducted at the 
azeo tropic temperature to remove methyl ethyl ketone and 
reduce the water content, whereby 1683 g of an objective 
aqueous resorcinol-f ormalin resin solution having a solid 
content of about 50% and a moderate flowability was 
obtained.. The aqueous resorcinol-f ormalin resin solution 
having a solid content of about 50% is a resorcinol- 
formalin resin containing no inorganic salts and reduced 
contents of the resorcinol monomer and resorcinol 
pentanuclear and higher nuclear bodies . 

The resulting resorcinol-f ormalin resin was 
dissolved in tetrahydrof uran and the solution was 
subjected to gel permeation chromatographic analysis, 
whereby the distribution of unreacted resorcinol to 
resorcinol pentanuclear and higher nuclear bodies was 
measured. The resulting chromatogram is shown in FIG. 3. 
The calculated ratios of peak areas are shown in Table 1. 

Table 1 also shows the analytical results of the 
reaction solution before the second addition of 37% 
fozmalin. The conditions of the gel permeation 
chromatographic analysis are the same as in Example 1. 
Example 4 

After 2660 g of water, 1710 g of calcium chloride. 
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738 g of resorcinol, and 300 g of methyl ethyl ketone 
were placed in a 5 L flask made of glass and dissolved at 
60**C, 9 g of 35% hydrochloric acid was charged into the 
reaction vessel . While the reaction system was cooled to 
SC'C and maintained at SO^'C, 353 g of 37% formalin was 
added dropwise over a period of 45 minutes and, after the 
completion of the dropwise addition, the mixture was 
further stirred at SO^C for 1 hour to cause a liquid- 
liquid heterogeneous reaction to proceed. While the 
reaction system is maintained at the same temperature, it 
was allowed to stand and separate into two layers, and 
then an underlying aqueous phase was drawn off to obtain 
a methyl ethyl ketone solution of a resorcinol -formalin 
resin. The organic phase was diluted with 1000 g of 
methyl ethyl ketone and 500 g of water was added thereto. 
Furthermore, while maintaining the Scune temperature, the 
reaction system was stirred for 1 hour and, after 
allowing to stand, separated into two layers and then the 
aqueous layer was drawn off. The organic phase was again 
diluted with 1000 g of methyl ethyl ketone and 
distillation was conducted at the azeotropic temperature 
of water and methyl ethyl ketone to remove water. Then, 
the mixture was cooled to room temperature and filtrated 
to obtain a methyl ethyl ketone solution of a resorcinol - 
formalin resin. 
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Water was added to the resulting methyl ethyl 
ketone solution of the resorcinol-f ormalin resin and 
distillation was conducted at the azeotropic temperature 
to remove methyl ethyl ketone and reduce the water 
content, whereby 1691 g of an objective aqueous 
resorcinol -formalin resin solution having a solid content 
of about 50% was obtained. 

The resulting resorcinol-f ormalin resin was 
dissolved in tetrahydrofuran and the solution was 
subjected to gel permeation chromatographic analysis, 
whereby the distribution of unreacted resorcinol to 
resorcinol pentanuclear and higher nuclear bodies was 
measured. The resulting chroma togram is shown in FIG. 4. 
The calculated ratios of peak areas are shown in Table 1. 
The conditions of the gel permeation chromatographic 
analysis are the same as in Exairple 1. 
Example 5 

While methyl ethyl ketone was used as an organic 
solvent in Example 1, methyl isobutyl ketone was used in 
Example 5. Moreover, 53 kg of 37% formalin was added 
drbpwise over a period of 30 minutes in Example 1 but 57 
kg of 37% formalin was added dropwise over a period of 30 
minutes in Example 5. The other reaction conditions and 
analytical conditions are the same as in Example 1. An 
aqueous resorcinol-f ormalin resin solution having a solid 
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content of about 50% was obtained in an amount of 243 kg. 
The analytical results are shown in FIG. 5 and Table 1. 
Example 6 

Tetrahydrofuran was used as an organic solvent 
and the amount of 37% fojrmalin added dropwise was 57 kg. 
The other reaction conditions and analytical conditions 
are the same as in Exeunple 1 . An aqueous resorcinol- 
formalin resin solution having a solid content of about 
50% was obtained in an amount of 227 kg. The analytical 
results are shown in FIG. 6 and Table 1. 
Examples 7 to 11 

The solvents used in Examples 7 to 11 were shown 
in Table 1. The amount of 37% formalin added dropwise 
was 57 kg. The other reaction conditions and analytical 
conditions are the same as in Example 1. The analytical 
results are shown in Table 1. 
Conparative Example 1 

After 265 g of water, 170 g of calciiam chloride, 
and 63 g of resorcinol were placed in a 2 L three-neck 
flask and dissolved at 50**C, 0 . 8 g of 35% hydrochloric 
acid was charged into the reaction vessel . While the 
reaction system was maintained at 50°C, 26 g of 37% 
formalin was added dropwise over a period of 5 hours and, 
after the completion of the dropwise addition, the 
mixture was further stirred for 1 hour to cause a solid- 
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liquid heterogeneous reaction to proceed. The formed 
resorcinol polynuclear bodies formed a gummy matter and 
entwined the starring bar, and the post- treatment was 
extremely burdensome. After the aqueous phase was 
discarded, the gxjmmy matter was washed with 400 g of an 
aqueous 39% calcium chloride solution. After the washing 
liquid was removed, the giammy matter was dried under 
reduced pressure and then dissolved into 240 g of methyl 
ethyl ketone and, after the insoluble matter was 
filtrated, the filtrate was again dried under reduced 
pressure. As compared with the reaction in Examples, an 
extremely long time was required for the reaction. From 
the above results, the reaction was judged to be 
difficult to expand to an industrial scale. 
Comparative Example 2 

After 150 g of water and 63 g of resorcinol were 
placed in a 1 L three-neck flask and dissolved at 50°C, 
0.8 g of 35% hydrochloric acid was charged into the 
reaction vessel . While the reaction system was 
maintained at 50°C, 26 g of 37% formalin was added 
dropwise over a period of 5 hours and, after the 
completion of the dropwise addition, the mixture was 
further stirred for 1 hour to cause a reaction to proceed. 
After the aqueous phase was discarded, the reaction 
product was washed with 400 g of water. After the 
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washing liquid was removed, the product was dried under 
reduced pressure and then dissolved into 24 0 g of methyl 
ethyl ketone and, after the insoluble matter was 
filtrated, the filtrate was again dried under reduced 
pressure. It was tried to dissolve the reaction product 
by adding water thereto but it was impossible to fojrm an 
aqueous solution. This is attributable to a high content 
of the resorcinol -formalin resin of pentanuclear or 
higher nuclear bodies. 
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Table 1 Peak areas (%) on chroma togram of resorcinol- 



formalin resin 





Solvent 


Peak area percentage (%) 


Resorcinol 


Resorcinol 
binuclear 
body 


Resorcinol 
trinuclear 
Dody 


Resorcinol 
tetranuclear 
body 


Resorcinol 
pentanuclear or 
higher nuclear 
Dodies 


Example 1 


MEK 


O.l 




lo.r 


I4.d 


3o.9 


Examole 2 
(before 
second 
addition of 
formalin) 


MEK 




10.4 


10.4 


15.0 


42.9 


Example 2 


MEK 


5 3 


13 0 




1A 1 




Example 3 
(before 
second 
addition of 
formalin) 


MEK 


8.1 


19.9 


18.7 


145 


38.9 


Example 3 


MEK 


5.2 


19.3 


18.9 


14.7 


42.1 


Example 4 


MEK 


7.0 


19.0 


16.5 


13.2 


44.5 


Example 5 


MIBK 


8.3 


15.7 


16.6 


15.0 


45.1 


Example 6 


THF 


8.3 


15.8 


16.4 


15.2 


44.3 


Example 7 


Diisopropyl 
ether 


7.2 


16.0 


16.6 


15.4 


44.4 


Example 8 


Dibutyi 
ether 


7.3 


15.3 


16.7 


14.8 


45.3 


Example 9 


n-Butyl 
acetate 


8.2 


14.9 


15.3 


14.6 


47.0 


Example 10 


Dimethyl 
carbonate 


7.0 


13.4 


13.3 


1Z0 


54.3 


Example 11 


Diethyl 
carbonate 


8.0 


12.5 


13.2 


11.8 


54.5 



While the invention has been described in detail 
and with reference to specific examples thereof, it will 
be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

The present application is based on Japanese 
Patent Application No. 2003-348496 filed on October 7 , 
2003, and the contents are incorporated herein by 
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reference. 

Industrial Applicability 

The production process of the invention adopts a 
liquid-liquid heterogeneous reaction and hence can reduce 
both of the content of resorcinol monomer and the content 
of resorcinol -formal in resin of resorcinol pentanuclear 
or higher nuclear bodies. Since the reaction time can be 
shortened^ the reaction can be completed in a one- stage 
reaction, and the whole steps are conducted in the same 
reactor, an industrial production is possible and the 
process is advantageous in view of the cost. Moreover, 
according to the production process of the invention , it 
is possible to provide a resorcinol -formalin resin 
containing no inorganic salts and having a moderate 
flowability when transformed into an aqueous solution. 

Since the resorcinol -formalin resin of the 
invention contains no inorganic salts, has a moderate 
flowability, and is excellent in adhesiveness to rubber 
and fiber, the resin is useful as a tire adhesive and a 
rubber horse adhesive. 
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